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(54) Dual fuel delivery module system for bifurcated automotive fuel tanks 


(57) A fuel system (1Q) including first and second 
tank portions (30, 34) communicating with each other 
such that the first and second tank portions (30, 34) have 
a substantially equal vapor pressure, first and second 
fuel pumps (58, 62) in the first and second tank portions 
(30, 34), respectively, and a crossover fuel line (206) for 
transferring fuel (74) in either direction between the first 
and second tank portions (30, 34), the direction of trans- 


fer depending on the relative level of fuel (74) in the first 
and second tank portions (30, 34). Respective first and 
second shuttle vajves (170) control the direction of fuel 
flow through the single crossover Jine (206) to maintain 
substantially equal fuel levels in both bifurcated portions 
(30, 34) until the tank (18) is empty. First and second jet 
pumps (118) communicate with the crossover fuel line 
(206) and provide the suction heeded for fuel transfer. . 
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Description 

FIELD OF THE INVENTION 

[0001] The invention relates to fuel delivery systems 
for automobiles, and more specifically to dual fuel pump 
delivery systems in bifurcated fuel tanks. 

BACKGROUND OF THE INVENTION 

[0002] The use of bifurcated fuel tanks, also common- 
ly referred to as saddle tanks, in conjunction with fuel 
delivery systems having a single fuel pump is known. In 
such systems, a reservoir surrounds the fuel pump and 
is constantly filled to ensure that a steady supply of fuel 
is available to the pump at all times. Normally, fuel is 
drawn into the fuel pump from the bifurcated tank portion 
housing the fuel pump, but if the fuel level is low or ve- 
hicle maneuvering is such that the fuel pump inlet can- 
not draw fuel, the fuel pump instantly draws fuel from 
the reservoir. A jet pump is used to draw fuel through a 
crossover line from the opposing bifurcated portion of 
the tank and pump the fuel into the reservoir. The res- 
ervoir is usually overflowing and excess fuel fills the bi- 
furcated tank portion housing the fuel pump. This in- 
sures that if fuel remains in either of the bifurcated tank 
portions, it is available to the fuel pump. 
[0003] Today's high-performance and high-power au- 
tomobiles require a higher rate of fuel flow to the engine 
than can often be provided with a single fuel pump. It 
has become necessary to utilize two fuel pumps, oper- 
ating in parallel, to provide the necessary fuel delivery 
to the engine. A bifurcated tank presents an appropriate 
environment for using dual fuel pump delivery systems 
as one fuel pump can be housed in each of the two bi- 
furcated tank portions. Since the engine demands fuel 
flow from both fuel pumps, it is important that both tank 
portions and both fuel pumps have a sufficient amount 
of fuel. Due to automobile maneuvering (wherein fuel 
sloshes over the bifurcating wall of the tank), partial tank 
filling and variations in fuel pump flow capacities, the 
fuel levels in the bifurcated portions are often unequal. 

SUMMARY OF THE INVENTION 

[0004] The use of bifurcated fuel tanks with two fuel 
pumps operating in parallel mandates a method of 
equalizing the fuel levels in each of the bifurcated tank 
portions. To equalize the fuel levels, fuel must be trans- 
ferred from one portion of the bifurcated tank to the other 
portion. 

[0005] One way to achieve such transfer would be to 
utilize two jet pumps each having its own dedicated 
crossover fuel line that transfers fuel over the bifurcating 
wall. This would be a system similar to that described 
above for use with single fuel pump delivery systems, 
only doubled to accommodate the dual fuel pumps. The 
first crossover fuel line would be connected to the first 


jet pump and would be dedicated to transferring fuel 
from the second bifurcated portion to the reservoir in the 
first bifurcated portion. The second crossover fuel line 
would be connected to the second jet pump and would 

5 be dedicated to transferring fuel from the first bifurcated 
portion to the reservoir in the second bifurcated portion. 
Ideally, both jet pumps and crossover lines, working in- 
dependently of one another, would equalize the fuel lev- 
el in the bifurcated portions of the tank as the tank emp- 

10 ties. 

[0006] One problem associated with using two indi- 
vidually-dedicated jet pump and crossover line systems 
' to equalize the fuel level in bifurcated tanks is that the 
jet pumps often have different efficiencies resulting in 

1& one bifurcated portion becoming empty before the other. 
If one jet pump is more efficient than the other, the more 
efficient jet pump empties its respective bifurcated por- 
tion faster than the less efficient jet pump can supply 
fuel from its respective bifurcated portion. As such, thp 

20 less efficient jet pump cannot equalize the fuel level be 
tween the bifurcated portions. If one bifurcated portion 
empties first, and the respective fuel pump lacks a suf- 
ficient fuel supply, fuel flow interruptions will occur, cre- 
ating increased HC and NOX emissions and putting the 

25 engine and catalytic converter reliability at risk. In addi- 
tion to potentially damaging the engine, there is a good 
chance that the fuel pump, which continues to run with- 
out pumping any fuel, will be damaged. 
[0007] The present invention alleviates these prob- 

30 lems by incorporating a single crossover fuel line that 
communicates with both jet pumps. Two shuttle valves 
control the direction of fuel flow through the single cross- 
over line to maintain substantially equal fuel levels in 
both bifurcated portions until the tank is empty. Should 

35 one bifurcated portion empty before the other, both jet 
pumps draw fuel from the bifurcated portion with the re- 
maining fuel, thereby insuring that both fuel pumps con- 
tinue to provide fuel to the engine until both bifurcated 
portions are substantially empty. Unlike using two ind. 
vidually-dedicated jet pumps and crossover lines, fuel 
is only transferred when necessary, as opposed to con- 
stantly pumping fuel out of and into both tank portions. 
[0008] Other features and advantages of the inven- 
tion will become apparent to those skilled in the art upon 

45 review of the following detailed description, claims, and 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

so [0009] FIG. 1 is a partial section view of a dual fuel 
pump delivery system embodying the invention. 
[0010] FIG. 2 is a an enlarged partial section view of 
the system illustrating the fuel transfer operation. 
[0011] FIG. 3 is an enlarged partial section view illus- 

55 trating a shuttle valve. 

[0012] FIG. 4 is a sectional view of the jet pump taken 
along line 4—4 in FIG. 2. 

[0013] Before one embodiment of the invention is ex- 
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plained in detail, it is to be understood that the invention 
is not limited in its application to the details of construc- 
tion and the arrangements of the components set forth 
in the following description or illustrated in the drawings, 
the invention is capable of other embodiments and of 
being practiced or being earned put in various ways. Al- 
so, it is understood that the phraseology arid terminolo- 
gy used herein is for the purpose of description and 
should not be regarded as limiting. The use of "includ- 
ing" and -'comprising" and variations thereof herein is 
meant to encompass the items listed thereafter and 
equivalents thereof as welt as additional items. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0014] FIG. 1 illustrates a fuel system 10 embodying 
the present invention. The fuel system 10 is for use in 
conjunction with an internal combustion engine 14 that 
requires a relatively high rate of fuel flow (i.e., a super- 
charged engine). A bifurcated fuel tank 1 8, having a first ! 
tank portion 30 and a second tank portion 34 is shown 
in FIGS. 1 and 2. This type of bifurcated fuel tank is com- 
monly known as a "saddle tank" due to its saddle-like 
shape. A wall or hump 38 partially separates the first 
arid second tank portions 30 and 34, but allows the tank 
18 to maintain a single vapor pressure throughout. It is 
important to note that the tank 18 need not be bifurcated 
in the fashion illustrated, but could be bifurcated in any 
other way that would permit the tank portions 30, 34 to 
experience a common vapor pressure. 
[0015] The first and second tank portions 30* 34 
house respective first and second fuel delivery modules 
42, 46 which are substantially the same. The first and 
second fuel delivery modules 42, 46 include respective 
first and second reservoirs 50, 54, that are at least par- 
tially open at the top, arid first and second fuel pumps 
58, 62 inside the respective reservoirs 50, 54. The fuel 
pumps 58, 62 supply fuel 74 to the engine 14 via a first 
fuel supply line 22 and a second fuel supply line 26, re- 
spectively. 

[0016] The fuel pumps 58, 62 are substantially iden- 
tical and can draw fuel directly from the respective bi- 
furcated tank portions 30, 34 or from the respective res- 
ervoirs 50, 54 as is well known in the art. When there is 
sufficient fuel 74 in the tank portions 30, 34, the pumps 
58, 62 draw fuel from the respective tank portions 30, 
34. When there is an insufficient amount of fuel 74 in the 
tank portions 30, 34 or the fuel 74 is not available at the 
pump inlets (not shown) due to vehicle maneuvering, 
the pumps 58, 62 draw fuel from the respective reser- 
voirs 50, 54. This insures that the fuel pumps 58, 62 al- 
ways have an available supply of fuel 74 during periods 
of low fuel levels and high vehicle maneuvering. 
[0017] : Since the engine 14 requires fuel flow from 
both fuel pumps 58, 62, an interruption in the fuel flow 
from either fuel pump 58, 62 could damage the engine 
14 and catalytic converter (not shown) and should be 


avoided. Furthermore, the fuel pumps 58, 62 may also 
be damaged if operated without fuel 74 for a nominal 
period of time. To prevent such damage, fuel 74 is con- 
stantly supplied to the reservoirs 50, 54 as will be de- . 
5 scribed below. The constant supply of fuel 74 rrieans the 
reservoirs 58, 62 are substantially always full and over- 
flowing into the respective tank portions 30, 34 during , 
normal operation. 

[0018] First and second fuel transfer units 110, 114 

10 are located in respective tank portions 30, 34 adjacent 
the respective fuel deljvery modules 42, 46 and transfer 
fuel from the tank portions 30* 34 into the respective res- 
ervoirs 50, 54. the fuel transfer units 110, 114 are sub^ 
stantially identical and common elements have been 

is given the same reference numerals. Only the fuel trans- 
fer unit 114 will be described in detail. Distinctions made 
between components and characteristics of the fuel 
transfer units 110 and 114 will be made explicitly. 
[0019] The fuel transfer unit 114 includes a jet pump 

20 118 and a fuel pickup tube 126. The jet pump 118 (see 
FIG. 4) works using the Venturi effect and includes an 
inlet 134 having a restricted diameter portion 138 for re- 
ceiving high pressure fuel 74 and converting the pres- 
sure to velocity as is commonly understood. A supply 

25 tube 140 is connected to the inlet 134 and supplies fuel 
, 74 to the jet pump 118 (see FIGS. 1 and 2) from a di- 
verted portion of the high pressure engine supply com- 
ing from the fuel pump 62. Alternatively fuel may be sup- 
plied to the jet pump 118 from a regulated return line 

30 (not shown) returning fuel to the tank 18. 

[0020] The high velocityfuel 74 exits thejet pump 118 
through an outlet 142. Outlet tube 144 is connected to 
the outlet 142 and communicates with the reservoir 54. 
Preferably, the outlet tube 144 communicates with the 

35 reservoir 54 such that fuel 74 enters the filled reservoir 
54 belowfuel surface level so as not to splash and cause' 
vapor pressure build-up. As seen in FI G. 4, the jet pump 
118 includes an intermediate portion 146 having a pick- 
up tube connector portion 150 connected to and cpm- 

40 municating with the pickup tube 126. The jet pump 118 
also has a connector portion 152 (see FIG. 2) commu- 
nicating with the intermediate portion 1 46 through a bore 

153 (shown in FIG. 4). 

[0021] . The fuel pickup tube 126 includes an inlet 154 
45 adjacent the bottom of the tank portion 34, an outlet 162 
connected to and communicating with the pickup tube 
connector portion 150, and a shuttle valve 170 between 
the inlet 154 and outlet 162. The shuttle valve 170 is 
preferably adjacent the inlet 154 and includes a blocking 
so member 178. As best seen in FIG. 3, the shuttle valve 
170 also includes a lower seat 186 and an upper seat 
194. The lower seat 186 is adjacent the pickup tube inlet 

1 54 such that when the blocking member 178 is seated 
on the lower seat 186 (as shown in phantom lines in FIG. 

55 3), the inlet 154 is substantially blocked and no fuel 74 
can enter or exit the pickup tube 1 26, When the blocking 
member 178 is seated on the lower seat 186, the valve 
170 is closed. 
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[0022] When the blocking member 178 is not on the 
lower seat 186 or is seated on the upper seat 194 (as 
shown in solid lines in FIG. 3), the shuttle valve 170 is 
open. Upper seat tabs 202 contact the blocking member 
178 but permit the flow of fuel 74 around the blocking 5 
1 member 178 and up the pickup tube 126. Fuel 74 enters 
the pickup tube 126 via the inlet 154, flows around the 
blocking member 178 and is drawn up the pickup tube 
1 26 by the jet pump 118. 

[0023] While the upper seat tabs 202 are shown as 10 
spaced ridges or projections, other configurations for 
upper seat tabs 202 could also be used. The blocking 
member 178 is illustrated as a spherical member but 
could be various other shapes, such as a flat disk, that 
achieves the same results. The blocking member 178 15 
can be made of any suitable material capable of with- 
standing degradation by the fuel 74, such as metals or 
various plastics. Furthermore, the blocking member 178 
should be made from material that will not absorb fuel 
74, as the weight of the blocking member 178 must re- 20 
main substantially constant. 

[0024] The blocking member 178 is calibrated or de- 
signed such that a specific predetermined pressure 
head H b is required to raise the blocking member 178 
from the closed position, wherein the blocking member 25 
1 78 is seated on the lower seat 1 86, to the open position, 
wherein the blocking member 178 is seated on the up- 
per seat 1 94. The blocking member 1 78 of the fuel trans- 
fer unit 110 requires a pressure head H 51 to cause 
movement from the closed position to the open position 30 
while the blocking member 178 of the fuel transfer unit 
114 requires a pressure head H b2 to cause movement 
from the closed position to the open position. Pressure 
heads H b1 and H b2 are preferably substantially the 
same, but this need not be the case. The pressure 35 
heads H b1 and H b2 may be calibrated by altering the ra- 
tio between the weight and the surface area of the re- 
spective blocking members 178. The reason for such 
calibration will become evident below. 
[0025] High velocity fuel 74 passing over the pickup 40 
tube connector portion 150 produces a suction or neg- 
ative gauge pressure H s that draws fuel 74 up the pickup 
tube 126 and into the intermediate portion 146, where 
the fuel 74 exits the jet pump 118 through the jet pump 
outlet 142 to fill the reservoir 54. It is important to note 45 
that the jet pump 118 of the fuel transfer unit 110 will 
rarely, if ever, have the same efficiency as the jet pump 
118 of the fuel transfer unit 114 due to variations in the 
respective restricted diameter portions 138 and varia- 
tions in fuel pressure supplied to the respective inlets so 
134. As such, the jet pump 118 of the fuel transfer unit 
110 produces a suction pressure H s1 that will likely be 
different from a suction pressure H s2 produced by the 
jet pump 118 of the fuel transfer unit 114. The signifi- 
cance of the difference between H s1 and H s2 will be 55 
more thoroughly discussed below. 
[0026] Head pressure H b required to raise the block- 
ing member 178 is specifically calibrated to be greater 


than the suction pressure H s created by the jet pump 
118. This means that the suction from the jet pump 118 
alone is not enough to raise the blocking member 178 
from the closed position to the open position. In the ab- 
sence of any other pressure tending to raise the blocking 
member 178 from the closed position to the open posi- 
tion, the blocking member 178 remains seated in the 
lower seat 186 and no fuel can enter the pickup tube 
126. 

[0027] The fuel 74 itself also creates a fuel pressure 
H f on the blocking member 178 that varies depending 
upon the level of fuel in the respective tank portions 30, 
34 and the vapor pressure existing in the tank 18. When 
the level of fuel 74 is above the wall or hump 38 and the 
tank 18 is level, fuel pressure H f is equal in both tank 
portions 30, 34. When the level of fuel 74 (as seen in 
FIGS. 1 and 2) is below the hump 38, the blocking mem- 
ber 178 of the fuel transfer unit 110 experiences a first 
fuel pressure H f1 and the blocking member 178 of the 
fuel transfer unit 114 experiences a second fuel pres 
sure H^ that will be different from the first fuel pressure 
H f1 when the respective fuel levels are different. Fuel 
pressure H f also tends to push fuel 74 up the pickup tube 
126, thereby tending to raise the blocking member 178 
from the closed position to the open position. In order to 
achieve fuel transfer from the tank portion 30 to the res- 
ervoir 50, the combination of the fuel pressure H f1 and 
the suction pressure H s1 must overcome the pressure 
head H b1 required to raise the blocking member 178 of 
the fuel transfer unit 110 from the closed position to the 
open position. In order to achieve fuel transfer from the 
tank portion 34 to the reservoir 54, the combination of 
the fuel pressure H^ and the suction pressure H s2 must 
overcome the pressure head H b2 required to raise the 
blocking member 178 of the fuel transfer unit 114 from 
the closed position to the open position. Expressed 
mathematically, the shuttle valves 170 of the respective 
fuel transfer units 110 and 114 are open when: 

H si + Hfi>H b1 and H s2 +H f2 >H b2 

[0028] The pressure head H b required to raise the 
blocking member 178 should be calibrated so that the 
fuel pressure H f alone is not enough to open the shuttle 
valve 170. In other words, the density of the blocking 
member 178 must be high enough that the blocking 
member 178 will always sink to the closed position in 
the absence of suction pressure H s from the jet pump 
118. Thus, when the fuel system 10 is not operating, the 
shuttle valve 1 70 will be in the closed position regardless 
of the fuel level. This allows the fuel transfer units 110, 
1 14 to maintain their prime between periods of operation 
and permits faster response time for the fuel system 10 
to become operational at engine start. 
[0029] The total pressure during operation H total in the 
respective fuel transfer units 110, 114 can thus be rep- 
resented mathematically as follows: 
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H total1 =H s1 + H f1" H b1 and H total2 =H s2 + Hf2' H b2 

Assuming there is a sufficient level of fuel 74 in both tank 
portions 30, 34, the fuel transfer units 110, 114 operate 
substantially independently from one another The jet 
pump 118ofthe fueltransferunit 110 draws fuel 74 from 
the first tank portion 30 up the pickup tube 126 and .de- 
posits the fuel 74 in the first reservoir 50. The jet pump 
118 of the fuel transfer unit 114 draws fuel 74 from, the . 
second tank portion 34 up the pickup tube 126 and de- 
posits the fuel 74 in the second reservoir 54. 
[0030] Fuel is transferred between tank portions 30, 
34 by a single fuel crossover line or conduit 206 that 
includes opposite ends 210 and 214 communicating 
with the connector portions 152 (and thus with the inter- 
mediate portions 146) of the jet pumps 118 of the fuel 
transfer units 110 and 114, respectively. The fuel cross- 
over line 206, like all of the other conduits in the fuel 
system 10, may be made from any material suitable for 
use in the fuel tank 18 environment, such as plastic. . 
[0031] Fuel crossover between the first tank portion 
30 and the second tank portion 34 occurs when the fuel 
level in either tank portion gets low enough so the re- 
spective blocking member 178 moves from the open po- 
sition to the closed position. Normally, the fuel level in 
one of the tank portions 30, 34 will reach this substan^ 
tially empty level before the fuel level in the other tank 
portion 30, 34 does. This may be due to disparities in jet 
pump efficiency, disparities in fuel pump flow capacity, 
partial and incomplete filling of the tank 18, or vehicle 
maneuvering. In order to maintain the needed fuel sup- 
ply for both fuel pumps 58, 62, fuel 74 must be trans- 
ferred from the tank portion 30, 34 having sufficient fuel 
to the tank portion 30, 34 having insufficient fuel. 
[0032] FlG. 2 illustrates one of the conditions that lead 
to fuel crossover. The first tank portion 30 is sufficiently 
filled with fuel 74 such that the blocking member 178 of 
the fuel transfer unit 1 10 is in the open position. The sec- 
ond tank.portion 34, on the other hand, is shown with 
an insufficient level of fuel 74, which means that Hq ap- 
proaches zero The blocking member 178 of the fuel 
transfer unit 114 is therefore in the closed position since 
the suction pressure H s2 alone is smaller than the pres- 
sure Head H b2 required to raise the blocking member 
1 78 to the open position. The mathematical expressions 
for the total pressures in the respective fuel transfer 
units 110 and 114 is expressed by: 

H total1 =H s1 +H f1' H b1 and H tota12 =H s2~ H b2 

[0033] At this point, the pressure H totaM in fuel transfer 
unit 110 is greater than the pressure H tota)2 in the fuel 
transfer unit 114. This pressure differential causes the 
fuel 74 to be transferred through the fuel crossover line 
206 from the first tank portion 30 to the second tank por- 
tion 34 (as shown by the arrow in FIG..2). The jet pumps 
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118 of the fuel transfer units 110 and 114 work cumula- 
tively to draw fuel 74 up the pickup tube 1 26 of the fuel 
transfer unit 110. Due to the lower pressure in the fuel 
. transfer unit 114, the fuel 74 in the intermediate portion 
5 146 of the jet pump 118 of the fuel transfer unit 110 en- 
ters the end 210 of the fuel crossover line 206 instead 
of taking the normal route to the first reservoir 50. the 
fuel 74 is transferred through the fuel crossover line 206, 
into the intermediate portion 146 of the jet pump 118 of 
10 the fuel transfer unit 114, and into the second reservoir 
54. The fuel crossover supplies fuel to the second res- 
ervoir 54 so that the second fuel pump 62 maintains an 
adequate supply of fuel. When the second reservoir 54 
becomes full, fuel 74 overflows into the second tank por- 
ts tion 34. The overflow continues until the fuel level in the 
second tank portion 34 is high enough to create a fuel 
pressure adequate to raise the blocking member 
178 of the fuel transfer unit 114 to the open position. 
When this occurs, the pressure differential disappears 
20 and fuel crossover through the fuel crossover line 206 
substantially ceases. 

[0034] It is important to note that the fuel crossover 
described above works substantially the same way 
when the level of fuel in the first tank portion 30 is insuf- 

25 ficient and the level of fuel in the second tank portion 34 
is sufficient (i.e., the mirror image of FIG. 2). The only 
difference is that fuel is transferred in the opposite di- 
rection of that shown in FIG. 2, so fuel from the second , 
tank portion 34 is transferred to the first tank portion 30. 

30 Again, this dual-directional fuel transfer capability is pro- 
vided with only one fuel crossover line 206. 
[0035] Fuel crossover will typically only occur when 
the fuel level in one of the tank portions 30, 34 becomes 
low.. Just how low the fuel must be before crossover oc- 

35 curs depends upon the calibration of the blocking mem- 
bers 1 78. The closer the pressure head required to raise 
the blocking member Hb is to the suction pressure H s , 
the less fuel needed to create the fuel pressure H f re- 
quired to keep the blocking members 178 in the open 

40 position. Therefore, by calibrating the blocking mem- 
bers 178, the designer can determine how low the fuel 
level will be before crossover occurs. Variations in jet 
pump efficiency, fuel pump flow capacity and vehicle 
maneuvering may cause the fuel level advantage to re- 

45 peatedly switch between tank portions 30, 34. When this 
occurs, the shuttle valves 170 will open and close ac- 
cordingly to transfer fuel 74 and equalize the fuel levels 
in the tank portions 30, 34. Obviously, when the amount 
of fuel in both tank portions 30, 34 becomes insufficient, 

so crossover will cease and the engine will eventually stall. 
[0036] The reader's attention is directed to all papers 
and documents which are filed concurrently with or pre- 
vious to this specification in connection with this appli- 
cation and which are open to public inspection with this 

55 specification, and the contents of all such papers and 
documents are incorporated herein by reference. 
[0037] All of the features disclosed in this specifica- 
tion' (including any accompanying claims, abstract and 
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drawings), and/or all of the steps of any method or proc- 
ess so disclosed, may be combined in any combination, 
except combinations where at least some of such fea- 
tures and/or steps are mutually exclusive. 
[0038] Each feature disclosed in this specification (in- 
cluding any accompanying claims, abstract and draw- 
ings), may be replaced by alternative features serving 
the same, equivalent or similar purpose, unless ex- 
pressly stated otherwise. Thus, unless 
expressly stated otherwise, each feature disclosed is 
one example only of a generic series of equivalent or 
similar features. 

[0039] The invention is not restricted to the details of 
the foregoing embodiment(s). The invention extend to 
any novel one, or any novel combination, of the features 
disclosed in this specification (including any accompa- 
nying claims, abstract and drawings), or to any novel 
one, or any novel combination, of the steps of any meth- 
od or process so disclosed. 


Claims 

1. A fuel system (10) comprising: 

first and second tank portions (30, 34) commu- 
nicating with each other such that the first and 
second tank portions (30, 34) have a substan- 
tially equal vapor pressure; 

first and second fuel pumps (58, 62) in the first 
and second tank portions (30, 34) respectively; 
and 

a crossover fuel line (206) for transferring fuel 
(74) in either direction between the first and 
second tank portions (30, 34) the direction of 
transfer depending on the relative level of fuel 
(74) in the first and second tank portions (30, 
34). 

2. Thefuelsystem(10)ofclaim 1, wherein the first and 
second tank portions (30, 34) define a saddle tank 
(18). 


10 5. 
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3. The fuel system (1 0) of claim 1 or 2 further compris- 8. 
ing: 


a first jet pump (118) in the first tank portion (30) 
communicating with the crossover fuel line 
(206) for pulling fuel (74) through the crossover 
fuel line (206); and 

a second jet pump (1 1 8) in the second tank por- 
tion (34) communicating with the crossover fuel 
line (206) for pulling fuel (74) through the cross- 
over fuel line (206). 


50 


55 


The fuel system (10) of claim 3, further comprising: 

a first fuel reservoir (50) in the first tank portion 
(30) from which the first fuel pump (58) draws 
fuel (74); and 

a second fuel reservoir (54) in the second tank 
portion (34) from which the second fuel pump 
(62) draws fuel (74). 

The fuel system (1 0) of claim 4, wherein the first and 
second jet pumps (118) include respective first and 
second outlets (144) communicating with the first 
and second reservoirs (50, 54) respectively. 

The fuel system (10) of claim 4 or 5, wherein the 
crossover fuel line (206) transfer fuel (74) from the 
first tank portion (30) to the second reservoir (54) 
or from the second tank (34) portion to the first res- 
ervoir (50) depending on the relative level of fuel 
(74) in the first and second tank portions (30, 34). 

The fuel system (10) of claim 1 or 2, further com- 
prising: 

a first fuel pickup tube (126) in the first tank por- 
tion (30), the first fuel pickup tube (126) having 
a first inlet (154), a first outlet (162) communi- 
cating with a first jet pump (1 1 8) and a first valve 
(170) between the first inlet (154) and the first 
outlet (162) for opening when the level of fuel 
(74) in the first tank (30) is sufficient and for 
closing when the level of fuel (74) in the first 
tank (30) is insufficient; and 

a second fuel pickup tube (126) in the second 
tank portion (34), the second fuel pickup tube 
(126) having a second inlet (1 54), a second out- 
let (1 62) communicating with a second jet pump 
(118) and a second valve (170) between thv 
second inlet (154) and the second outlet (162) 
, for opening when the level of fuel (74) in the 
second tank (34) is sufficient and for closing 
when the level of fuel (74) in the second tank 
(34) is insufficient. 

The fuel system (10) of claim 7, wherein the first and 
second valves (170) include respective first and 
second blocking members (178) and the first and 
second valves (170) are in an open position, allow- 
ing fuel (74) to enter the respective inlets (154) 
when the respective blocking members (178) are in 
a raised position in the presence of fuel (74) and the 
first and second valves (170) are in a closed posi- 
tion, preventing air and air vapor from entering the 
respective inlets (154), when the respective block- 
ing members (178) are in a lowered position in the 
absence of fuel (74). 
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9. The fuel system (10) of claim 7 or 8, wherein the 
first and second valves (1 70) are also in the closed 
position when the fuel system (10) is not in opera- 
tion. , . 

5 

10. The fuel deli very system (10) of any of claims 7 to 
9, wherein the crossover fuelline (206)'transfers fu- 
el (74) between the first and second tank portions 
(30, 34) when one of either the first or second valves 
(170) is in the closed position. 10 

11. The fuel delivery system (10) of claim 10, wherein 
the crossover fuel line (206) transfers fuel (74) from 
the first tank portion (30) to the second tank portion . 
(34) when the second valve (170) is in the closed 15 
position. 

12. The fuel delivery system (10) of claim 10, wherein 
the crossover fuel line (206) transfers fuel (74) from 
the second tank portion (34).to the first tank portion 20 
(30) when the first valve (170) is in the closed posi- 
tion. 

13. A fuel. system (10) having a first fuel transfer unit 
(110) with a total pressure H total1 , and a second fuel 25 
transfer unit (114) with a total pressure H tota | 2 , the 
fuel system (10) comprising: 


30 


35 


first and second tank portions (30, 34) commu- 
nicating with each other such that the first and 
second tank portions (30, ,34) have a substan- 
tially equal vapor pressure and include.first and 
second fuel levels creating pressures H f1 and 
Hf2, respectively; 

first and second fuel pumps (58, 62) in the first 
and second tank portions (30, 34), respectively; 


a crossover fuel line (206) for transferring fuel 
(74) in either direction between the first and 40 
second tank portions (30, 34) the direction of 
transfer depending on the relative level of fuel 
(74) in the first and second tank portions (30, 
34); 

a first jet pump (118) in the first tank portion (30) 
communicating with, the crossover fuel line 
(206) and creating a pressure H s1 ; 

a second jet pump (1 1 8) in the second tank por- so 
tion (34) communicating with the crossover fuel 
line (206) and creating a pressure H s2 ; 

a first fuel pickup tube (126) in the first tank por- 
tion (30), the first fuel pickup tube (126) having 55 
a first inlet (154), a first outlet (162) communiT 
eating with the first jet pump (118) and a first 
valve (170) between the first inlet (154) and the 


first outlet (162) for opening when the level of 
fuel (74) in the first tank (30) is sufficient and 
for closing when the level of fuel (74) in the first 
tank (30) is insufficient, the first valve (170) hav- 
ing a first blocking member, (178) calibrated 
such that a pressure of H b1 is required to lift the 
blocking member (178) to an open position; and 

a second fuel pickup tube (126) in the second 
tank portion (34), the second fuel pickup tube 
(126) having a second inlet (1,54), a second out- 
let (162) communicating with the second jet 
pump (118) and a second valve (170) between 
the second inlet (154) and the second outlet 
(162) for opening when the level of fuel (74) in 
the second tank (34) is sufficient and for closing 
when the level of the fuel (74) in the second tank 
(34) is insufficient, the second valve (170) hav- 
ing a second blocking member (1 78) calibrated 
such that a pressure of H b2 is required to lift the 
blocking member (178) to an open position; 

wherein the total pressure for the first fuel trans- 
fer unit is (110) is H total1 =H s1 +H n -H b1 , and the 
total pressure for the second fuel transfer unit 
(114) is H^^+H^-H^. 

14. The fuel system (10) of claim 13, wherein fuel (74) , 
is transferred through the crossover line (206) from 
the first tank portion (30) to the second tank portion 
(34) when H totall > H total2 . 

1 5. The fuel system (10) of claim 1 3 or 14, wherein fuel 
(74) is transferred through the crossover line (206) 
from the second tank portion (34) to the first tank 
portion (30) when H tota2 > H tolal1 . 

16. The fuel system (10) of any of claims 13 to 15 
wherein the first and second valves (170) are in the 
open position, allowing fuel (74) to enter the respec- 
tive inlets (154), when H s1 +H f1 >H b1 and 
H s2 +H f2 >H b2 , and the first and second valves (170) 
are in a closed position, preventing air and air vapor 
from entering the respective inlets (154), when 
H s1 +H f1 < H b1 and H s2 +H f2 <H b2 . 

17. The fuel system (10) of any of claims 13 to 16, 
, wherein H s i <H bi and,H s2 <H b2 , such that the first 

and second valves (170) are in the closed position 
when the fuel level in the respective tank portions 
(30, 34) is insufficient. 

18. The fuel system (10) of any of claims 13 to 17, 
wherein the first and second blocking members 
(178) have a weight/area value and H b1 and H b2 are 
calibrated by changing the weight/area value. 

19. The fuel system (10) of any of claims 13 to 18, 


T 
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wherein H s1 =0 and H s2 =0 when the fuel system (10) 
is not in operation, and H f1 <H bl and H f2 <H b2 such 
that the first and second valves (170) are in the 
closed position when the fuel system (10) is not in 
operation. 5 

20. A fuel system (10) comprising: 

first and second tank portions (30, 34) commu- 
nicating with each other such that the first and 10 
second tank portions (30, 34) have a substan- 
tially equal vapor pressure; 

first and second fuel pumps (58, 62) in the first 
and second tank portions (30, 34) respectively; 15 

a first fuel reservoir (50) in the first tank portion 
(30) from which the first fuel pump (58) draws 
fuel (74); 

20 

a second fiiel reservoir (54) in the second tank 
portion (34) from which the second fuel pump 
(62) draws fuel (74); 

a crossover fuel line (206) for transferring fuel 25 
(74) in either direction between the first and 
second tank portions (30, 34), the direction of 
transfer depending on the relative level of fuel 
(74) in the first and second tank portions (30, 
34); 30 

a first jet pump (118) in the first tank portion (30) 
communicating with the crossover fuel line 
(206) for pulling fuel (74) through the crossover 
fuel line (206), the first jet pump (118) having a 35 
first outlet (142) communicating with the first 
reservoir (50); 

a second jet pump (118) in the second tank por- 
tion (34) communicating with the crossover fuel 40 
line (206) for pulling fuel (74) through the cross- 
over fuel line (206), the second jet pump (118) 
having a second outlet (142) communicating 
with the second reservoir (54); 

45 

a first fuel pickup tube (1 26) in the first tank por- 
tion (30), the first fuel pickup tube (126) having 
a first inlet (154), a first outlet (162) communi- 
cating with the first jet pump (118) and a first 
valve (170) between the first inlet (154) and the so 
first outlet (162) for opening when the level of 
fuel (74) in the first tank (30) is sufficient and 
for closing when the level of fuel (74) in the first 
tank (30) is insufficient, the first valve (1 70) hav- 
ing a first blocking member (178) such that the 55 
first valve (170) is in an open position, allowing 
fuel (74) to enter the first inlet (154), when the 
first blocking member (178) is in a raised posi- 


tion in the presence of fuel (74), and the first 
valve (170) is in a closed position, preventing 
air and air vapor from entering the first inlet 
(154) when the first blocking member (178) is 
in a lowered position in the absence of fuel (74); 
and 

a second fuel pickup tube (126) in the second 
tank portion (34), the second fuel pickup tube 
(126) having a second inlet (154), a second out- 
let (162) communicating with the second jet 
pump (118) and a second valve (170) between 
the second inlet (154) and the second outlet 
(162) for opening when the level of fuel (74) in 
the second tank (34) is sufficient and for closing 
when the level of fuel (74) in the second tank 
(34) is insufficient, the second valve (170) hav- 
ing a second blocking member (178) such that 
the second valve (170) is in an open position, 
allowing fuel (74) to enter the second inlet (154, 
when the second blocking member (178) is in 
a raised position in the presence of fuel (74), 
and the second valve (170) is in a closed posi- 
tion, preventing air and air vapor from entering 
the second inlet (154), when the second block- 
ing member (178) is in a lowered position in the 
absence of fuel (74). 
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